We report an experiment in which an optical vortex is stored in a vapor of Rb atoms. Because of its 2π phase twist, this mode is topologically stable and cannot unwind even under conditions of strong diffusion. The ability to reversibly transfer information carried by a coherent light field into a coherent state of matter is of great importance to quantum information applications. In [1, 2] it was shown that, using electromagnetically induced transparency (EIT), light can be effectively stored in the ground state coherences of room temperature Rb vapor. The light can be retrieved after a controllable delay of typically hundreds of µs, and the storage fidelity is limited mostly by various decay mechanisms.
fore any interaction with the atoms (the images were taken by detuning the laser from the atomic resonance). The right column shows the same beams after 30 µs of storage in the atomic vapor, when substantial diffusion took place. It is evident that while the central hole in the flat phase beam is completely filled, the central hole of the helical beam remains dark.
In a subsequent recent experiment we stored arbitrary images in the transverse plane. In particular, we stored an image composed of three lines from a standard resolution chart and showed that the sharp lines quickly diffuse as a function of the storing time. To keep the visibility high, we added a π phase shift between adjacent lines. This phase imprinting almost entirely suppressed the degrading effect of atomic diffusion (Fig. 2.) . Detailed analysis of the effect of diffusion on any transverse mode reveals that all modes are in fact invariant to diffusion. As a consequence, all states which are a superposition of vortices with equal |m| suffer from the same overall decoherence. This makes the m = ±1 modes the best transverse qubit space since it has the lowest decoherece. These experiments prove that higher electromagnetic modes can be stored in atomic coherences and that modes with phase singularities are robust to decoherence effects such as diffusion. This opens the possibility for storing quantum information in the transverse modes.
